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AIR QUALITY AEROMETRIC DATA FOR THE CITY OF CLEVELAND FROM 
1967 TO 1970 FOR SULFUR DIOXIDE, SUSPENDED 
PARTICULATES, AND NITROGEN DIOXIDE 

by Harold E. Neustadter, Robert B. King, J. Stuart Fordyce, 
and John C. Burr, Jr.* 

Lewis Research Center 

ir“ 

SUMMARY 

The NASA Lewis Research Center is assisting the City of Cleveland, Ohio, in its 
effort to monitor its air pollution. This report describes the Cleveland program of the 
past 4 years and the supportive LeRC program currently being developed. The data 
accumulated by Cleveland over the past 4 years are presented together with some pre- 
liminary statistical analyses indicating in a sem iquantitive manner the degree of air 
pollution existing within the boundaries of Cleveland. ’ . 

INTRODUCTION 

In response to a request from the City of Cleveland, NASA Lewis Research Center 
has initiated a comprehensive investigation of trace elements and compounds in the.air 
with the Cleveland Metropolitan area serving as a model system. Information derived 
from the ground based Cleveland sampling network and from aircraft light scattering 
measurements and sample collection will be used to study particle composition, concen- 
tration, size distribution, and character. 

As warranted in this investigation statistical and mathematical analyses will be 
carried out. In this connection, procedures and soft-ware have been developed to store 
and manipulate large amounts of aerometric data. . To test the suitability of the data 
processing techniques and also to provide an insight into the Cleveland air environment, 
these techniques were applied to existing air quality data for Cleveland. This report ... 
deals with the analysis of these data. 

* City of Cleveland, Air Pollution Control Division, Cleveland, v Ohio. 



CLEVELAND SAMPLING PROGRAM 


The air sampling program of the Cleveland, Ohio, Air Pollution Control Division 
is currently in its fifth year. Twenty-four-hour samplings have been made of total 
suspended particulate (TSP) since January 1967 and of NO 2 and SOg since January 1968. 
(The sampling methods used are hi-vol, Jacobs-Hocheiser, and West-Gaeke sulfuric 
acid, respectively.) The geographic deployment of sampling sites is shown in figure 1. 
The meandering heavy line in the center of the city is the Cuyahoga River, about which 
is centered most of the region's heavy industry. 

At present there are 20 stations monitoring the air, 14 of which monitor all three 
pollutants while stations O to T (as defined in tbe key of fig. 1) measure TSP only. 
Seventeen of these sites have been in operation for more than 3 years. (Stations B, D, 

K, and N have undergone relocation since their initial installation. Because of the prox- 
imity of the present to the former sites we have assumed that essentially the same en- 
vironment has been measured throughout. ) Currently, the air is sampled every third 
day, although the sampling frequency has varied over the 4 years and has been as low 
as once a week. 


RESULTS AND DISCUSSION 

The general environmental data analysis has included the collection, tabulation, and 
preliminary screening of existing air pollution data (1967 to 1970) provided by the Cleve- 
land Air Pollution Control Division. This involved (1) transcribing the data to punch 
card, (2) tabulating the information by pollutant, site, and date, and (3) calculating and 
listing averages, means, deviations, minima, maxima, etc. 

The examples cited herein emphasize TSP, in keeping with our primary interest in 
trace elements and compounds. However, a comprehensive tabulation of all the data 
(including readings at a number of currently discontinued sites) is contained in tables I 
to IV. The data from the 20 current monitoring stations were also recorded in graphical 
form on microfiche, which is available, on request from the authors. The reader may 
wish to nc/te that the monitoring of TSP at the Cleveland Health Museum was initiated by 
HEW-NAPCA in 1957 (data reported in ref. 1) and has been used by them as representa- 
tive of the center city urban environment of Cleveland, Ohio. 

A typical result is shown in table 111(a), which is the computer output summarizing 
suspended particulate monitoring in Cleveland, Ohio, for the year 1969. In addition, it 
contains some preliminary data screening listed at the far right for each day and at the 
bottom for the entire year. This must be considered a very preliminary screening of 
the data, and caution must be exercised in using this information. For example, the 
daily listings of maximum, minimum, and average are based on the specific set of read- 
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ings for each day. It is very likely that a direct comparison between different days will 
not be possible because the set of stations reporting data may not be the same on all 
days. Similarly , the need for using caution in interpreting the results applies to annual 
summaries at the bottom of the table. Distortions may have entered due to the vari- 
ability through the year of the sampling frequency. In the first 6 months of 1969, 
samplings were taken only once a week and then only on Mondays (3/17 to 6/30) or 
Tuesdays (1/7 to 3/11). The remainder of the year, samples were taken more frequent- 
ly and on other days of the week. This has the effect of giving less weight to winter and 
spring than to summer and fall, and more weight to Monday and Tuesday than to the re- 
mainder of the week. 

Since most aerometric data appear to fit a log normal distribution (ref. 2), * we can 
use this information to obtain insight on yearly trends in magnitude and deviation. Fig- 
ure 2 shows two plots of the observed data on log-normal probability plotting scale. The 

■4 

solid line indicates the plot of the sample cumulative distribution of all measurements 
(over 300). The data points present the sample cumulative distribution for the years 
1967, 1968, 1969, and 1970. Any steady increase or decrease in the contaminant con- 
centrations would be discernable as a vertical sequence of the data points representing 
those years. In the two cases shown there does not appear to be a clear overall 4-year 
trend. Figure 2(a) is for a station in the industrial valley, and the over-printing of the 
data points shows the observations following the same distribution for 1967 to 1970 at a 
rather high average level of TSP. The data points O indicate the current State of Ohio 
ambient Air Quality Standards (i. e. , levels not to be exceeded). (One Ohio standard is 
given as the geometric mean. For a log normally distributed population, the geometric 
mean is identical to the median. In general, for the Cleveland data the geometrical 
mean and the median differ by less than 5 percent.) Figure 2(b) represents a station in 
a residential neighborhood predominantly upwind from the industrial region. There ap- 
peared to be a trend toward clean air from 1967 to 1969, but this was reversed in 1970. 
The relatively short sampling period reported here does not permit us to distinguish be- 
tween the onset of a long-term improvement and a short-term fluctuation. A complete 
set of log-normal curves contained on microfiche is available from the authors on re- 
quest. 

It would appear quite reasonable and indeed it is generally assumed in the air pollu- 
tion literature (e. g. , ref. 3) that a strong correlation exists amongst the various pollut- 
ants, this being particularly so as regards TSP and SOg which are both presumed to en- 
ter the atmosphere primarily from the burning of fossil fuels. Visual perusal of a 
graphical display of the original data can be qualitatively helpful in estimating the appli- 
cability of this assumption to a specific site. Figure 3 shows the complete data set for 

^T his work also contains an excellent introduction to the theory of log normal dis- 
tributions as applied to air pollution data. 
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1969 to 1970 at a residential area predominantly downwind of the industrial region. It 
can be seen that for most of the time TSP and SO 2 readings move up and down together 
and often are almost identical (e. g. , days 1020 to 1090). However, at times they may 
move independently (e.g. , days 1130 to 1148) or even in opposite directions (e.g. , days 
1215 to 1225). 

Future work will consider these anomalies in aerometric data, will expand the pro- 
gram to include contour plotting, will include time series analysis to examine the data 
from seasonal variations and long-term trends, will determine the influence of wind 
direction, precipitation, etc. , and will attempt to correlate the results with levels of 
industrial activity and acute disease incidence. 

Lewis Research Center, 

National Aeronautics and Space Administration, 

Cleveland, Ohio, November 10, 1971, 

770-90. 
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TABLE I. - Concluded. 1967 24- HOUR-SAMPLING OF SUSPENDED PARTICULAR AIR- POLLUTION DATA (IN fig/cm 6 ) FOR CLEVELAND, 
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TABLE m. - Continued. 1969 24-HOUR-SAMPLING AIR-POLLUTION DATA (IN /ig/m 3 ) FOR CLEVELAND, OHIO 
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TABLE IV. - Continued. 1970 24-HOUR-SAMPLING AIR-POLLUTION DATA (IN jjg/m ) FOR CLEVELAND, OHIO 
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12*222 -0 327 -0 162 170 63 309 162 81 -0 81 -0 0 -0 -0 -0 -0 -0 -0 -0 -0 -0 -0 175 110 
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TABLE IV. - Continued. 1970 24-HOUR-SAMPLING AIR-POLLUTION DATA (IN jig/m d ) FOR CLEVELAND, OHIO 
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Figure ! - Air pollution monitoring sites for Cleveland, Ohio. The heavy line down the center is the Cuyahoga River. The municipal 
boundaries have been straightened somewhat but are accurate in their essential features. 
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Figure 3. - Graphical presentation of data at J. F. Kennedy Fligh School for all three measured 
pollutants. The abscissa is the day of the reading numbered consecutively from January 1, 
1967 (e.g., day 731 is Jan. 1, 1969). The solid lines connect data points obtained at consec- 
utive scheduled samplings. Gaps in the connecting lines indicate the absence of a reading 
(e.g., power failure, equipment failure, etc.). 
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